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1
SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device, such as a mask read only memory (ROM).

2. Description of the Related Art

Known as a semiconductor memory device 1s, for
example, a mask ROM. The mask ROM 1s a read only
semiconductor memory device in which values to be stored
are written 1n memory cells 1n a manufacturing process.

A read circuit of a conventional mask ROM will herein-
alter be described with reference to FIG. 1.

A memory cell array 100 includes a plurality of memory
cell transistors T11 to Tmn. The memory cell transistors T11
to Tmn have gates connected to word lines WL1 to WLm
arranged 1n rows. The memory cell transistors T11 to Tmn
also have drains connected to bit lines BLL1 to BLn arranged
in columns.

Some of the memory cell transistors T11 to Tmn have
sources connected to a first voltage line which 1s at a ground
voltage level (GND level), namely, grounded. The other
memory cell transistors have sources which are in a floating,
state. In FIG. 1, the sources of the memory cell transistors
112, T1#n, 121, Tm1 and Tmn are at the GND level, and the
sources of the memory cell transistors T11, 122, 127 and
Tm?2 are 1n the floating state (denoted by a character F 1n this
figure). Values to be stored are written according to the
connection states of the sources of the corresponding
memory cell transistors, namely, according to whether those
sources are grounded or float.

For example, voltages to be read (also referred to here-
iafter as “read voltages™) from the memory cell transistors
T11 to Tmn may be set to a low level by grounding the
sources of the memory cell transistors 111 to Tmn. On the
contrary, the read voltages of the memory cell transistors
T11 to Tmn may be set to a high level by allowing the
sources of the memory cell transistors T11 to Tmn to float.

Selector circuits 110-1 to 110-z and precharge circuits
130-1 to 130-7 are connected to the bit lines BL.1 to BlLn,
respectively.

The selector circuits 110-1 to 110-2 are composed of, for
example, pMOS transistors (shortly referred to hereinafter
as “pMOSs”) 122-1 to 122-n, respectively. The pMOSs
122-1 to 122-» have sources connected respectively to the
bit lines BLL1 to BLn and drains connected in common to a
data line DL. When select signals (denoted by arrows S1-1
to S1-» 1n this figure) mputted respectively to the gates of the
pMOSs 122-1 to 122-» are low 1n level, the pMOSs 122-1
to 122-r are turned on to electrically connect the bit lines
BL1 to BLn with the data line DL, respectively. On the
contrary, when the select signals S1-1 to S1-z are high 1n
level, the pMOSs 122-1 to 122-» are turned off to electri-
cally 1solate the bit lines BLL1 to BLn from the data line DL,
respectively. In the following description, it 1s assumed that
the selector circuits 110-1 to 110-z are turned on when the
pMOSs 122-1 to 122-r thereof are turned on, and off when
the pMOSs 122-1 to 122-» are turned ofl.

The precharge circuits 130-1 to 130-» include, for
example, pMOSs 142-1 to 142-» and inverting circuits
144-1 to 144-n, respectively. The pMOSs 142-1 to 142-»
have sources connected 1n common to a second voltage line
which 1s at a supply voltage level (VDD level), and drains
connected respectively to the bit lines BLL1 to BLn. The
select signals S1-1 to S1-» are mverted by the inverting
circuits 144-1 to 144-n» and then inputted to the pMOSs
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2

142-1 to 142-n, respectively. As a result, when the select
signals S1-1 to S1-» are high in level, the pMOSs 142-1 to
142-7 are turned on to apply the supply voltage VDD to the
bit lines BLL1 to BLn, respectively, thereby causing the bit
lines BL1 to BLn to assume the VDD level, or high level. On
the other hand, when the select signals S1-1 to S1-» are low
in level, the pMOSs 142-1 to 142-»n are turned off. In the
following description, 1t 1s assumed that the precharge
circuits 130-1 to 130-» are turned on when the pMOSs 142-1

to 142-n thereof are turned on, and ofl when the pMOSs
142-1 to 142-» are turned ofl.

A read operation of the conventional mask ROM with the

above-mentioned configuration will hereinafter be described
with reference to FIGS. 2A to 2D.

In the 1mitial state of every read cycle, all the select signals
S1-1 to S1-» are set to a high level. At this time, the selector
circuits 110-1 to 110-» are turned ofl, whereas the precharge
circuits 130-1 to 130-# are turned on, so the bit lines BL.1 to
BLn assume the VDD level. Also, the word lines WL1 to
WLm are set to the GND level, thereby causing all the
memory cell transistors 111 to Tmn to be turned off.

A description will hereinafter be given of the case of
reading a stored value of the memory cell transistor T11 set
to a high-level read mode. For reading of the memory cell
transistor T11, the bit line BLL1 and the word line WL1 are

selected.

When the bit line BL1 i1s selected, at a time t11, the select
signal S1-1 becomes low 1n level and the other select signals
S1-2 to S1-r are held at a high level. At this time, the
precharge circuit 130-1 1s turned ofl and the selector circuit
110-1 1s turned on. As a result, the selected bit line (also
referred to hereinafter as a “select bit line”) BL1 and the data
line DL are electrically connected with each other, so as to
have the same voltage level.

When the word line WL1 1s selected, at a time t12, the
selected word line WL 1s set to the VDD level, which 1s the
level of a drive voltage of the memory cell transistor, and the
other word lines WL2 to WLm are set to the GND level. If
the word line WL1 becomes high 1n level, all the memory
cell transistors T11 to T1#z connected to the word line WL1
are turned on. In contrast, all the memory cell transistors 121
to Tmn connected to the other word lines WL2 to WLm
remain ofl. Because the source of the memory cell transistor
T11 1s 1n the floating state, the bit line BLL1 remains high 1n
level although the memory cell transistor T11 1s turned on.
Accordingly, 1n a read period from the time t12 until a time
t13, the voltage of the data line DL 1s VDD, so as to be
outputted as a high-level signal (see FIG. 2A).

Next, a description will be given of the case of reading a
stored value of the memory cell transistor 121 set to a
low-level read mode. For reading of the memory cell tran-

sistor 121, the bit line BL1 and the word line WL2 are
selected.

When the bit line BLL1 1s selected, at the time t11, the
select signal S1-1 becomes low 1n level and the other select
signals S1-2 to S1-» are held at a high level. At this time, the
precharge circuit 130-1 1s turned ofl and the selector circuit
110-1 1s turned on. As a result, the selected bit line BLL1 and
the data line DL are electrically connected with each other,
so as to have the same voltage level.

When the word line WL2 1s selected, at the time t12, the
selected word line WL.2 1s set to the VDD level and the other
word lines WL.1 and WL3 to WLm are set to the GND level.
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If the voltage of the word line WL2 1s VDD, all the memory
cell transistors 121 to 1T2» connected to the word line WL2
are turned on. In contrast, all the memory cell transistors 111
to T1z and T31 to Tmn connected to the other word lines
WL1 and WL3 to WLm remain off. Because the source of
the memory cell transistor T21 1s grounded, the voltage of
the bit line BL1 gradually falls due to through-current
between the source and drain of the memory cell transistor
121 11 the memory cell transistor 121 1s turned on. As a
result, in the read period from the time t12 until the time t13,
the voltage of the data line DL, electrically connected with
the bit line BL1, also gradually falls, so 1t 1s outputted as a

ow-level signal (see FIG. 2B).

Meanwhile, because the memory cell transistor T12 con-
nected to the bit line (also referred to hereinafter as a
“non-select bit line”) BL2, not selected when the memory
cell transistor T11 1s read, 1s turned on, through-current
flows between the source and drain of the memory cell
transistor T12, thereby causing charges stored on the bit line
BL2 to be discharged to the first voltage line. At this time,
since the select signal S1-2 1s high 1n level, the precharge
circuit 130-2 1s turned on so as to supply current to the bit
line BL2. As a result, the voltage of the bit line BL2 1s
stabilized at a value slightly lower than VDD (see FIG. 2C).

Also, when the memory cell transistor 121 1s read, the bat
line BL2 1s held at VDD because the source of the memory
cell transistor 122 1s in the floating state although the

memory cell transistor 122 1s turned on (see FIG. 2D).

As aforementioned, 1n the read circuit of the conventional
mask ROM, a non-select bit line 1s supplied with current by
a corresponding precharge circuit, so that 1t 1s held at VDD
or a value slightly lower than VDD, thereby making it
possible to prevent the voltage of a select bit line from being
reduced.

For example, when the memory cell transistor T11 1s read,
the memory cell transistor T12 1s 1n 1ts on state. For this
reason, provided that no current 1s supplied to the bit line
BL2 because the corresponding precharge circuit 130-2 1s
not provided, the voltage of the bit line BL.2 will be reduced
due to through-current between the source and drain of the
memory cell transistor T12.

If the voltage of the bit line BL2 1s reduced, the voltage
of the bit line BLL1 may be reduced by the action of coupling
capacitance between the bit line BL1 and the bit line BL2.
This reduction 1n the voltage of the bit line BLL1 may result
in misreading of the voltage of the bit line BLL1, namely, the
stored value of the memory cell transistor T11.

For this reason, the read circuit of the mask ROM holds

the voltages ol non-select bit lines at VDD or a value slightly
lower than VDD using the precharge circuits 130-1 to 130-%.

An example of the ROM read circuit 1s disclosed 1n
Japanese Patent Kokai No. 2000-90685 (Patent Document

1).

However, in the above-mentioned conventional mask
ROM read circuit, because transistors, set to the low-level
read mode (grounded state) and connected to non-select bit
lines and a selected word line, are turned on, power con-
sumption 1s 1increased due to through-currents flowing
between the sources and drains of the transistors. Particu-
larly, when there are a large number of bit lines, a big
problem occurs in peak current 1n that through-currents flow
through all memory cell transistors of the low-level read
mode connected to a selected word line.
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4
SUMMARY OF THE INVENTION

Therefore, the present invention has been made 1n view of
the above problems, and it 1s an object of the present
invention to provide a semiconductor memory device having
a read circuit for preventing the voltage of a select bit line
from being reduced due to the action of coupling capaci-
tance between the select bit line and a non-select bit line and
reducing current consumption.

In accordance with the present invention, the above and
other objects can be accomplished by the provision of a
semiconductor memory device comprising a memory cell
array, a plurality of word lines, a plurality of bit lines, a data
line, a plurality of selector circuits, at least one precharge
circuit, and at least one pull-down circuait.

The memory cell array includes a plurality of memory cell
transistors arranged 1n matrix form. Fach of the memory cell
transistors has a first main electrode, a second main elec-
trode and a control electrode. Each of the memory cell
transistors 1s written with a stored value depending on
whether a connection 1s made between the first main elec-
trode thereof and a first voltage line.

The word lines are connected to the control electrodes of
the memory cell transistors of corresponding rows of the
memory cell array, respectively. The bit lines are connected
to the second main electrodes of the memory cell transistors
of corresponding columns of the memory cell array, respec-
tively.

The data line selectively outputs voltages of the bit lines.

Each of the selector circuits 1s 1nstalled between a corre-
sponding one of the bit lines and the data line. Each of the
selector circuits electrically connects the corresponding bit
line with the data line when a select signal inputted thereto
assumes a select level, and electrically 1solates the corre-
sponding bit line from the data line when the inputted select
signal assumes a non-select level.

The precharge circuit 1s connected to a first input signal
line which transfers a common first input signal having any
one of a first active level and a first mactive level. The
precharge circuit precharges the bit lines to a predetermined
voltage level which 1s different from a voltage level of the
first voltage line.

The pull-down circuit 1s connected to a second input
signal line which transfers a common second input signal
having any one ol a second active level and a second
mactive level. The pull-down circuit pulls the bit lines down
to the voltage level of the first voltage line.

The semiconductor memory device of the present mven-
tion comprises the pull-down circuit to set the bit lines to the
voltage level, for example, a ground voltage level (GND
level), of the first voltage line. Therefore, non-select bit lines
can be held at the GND level. Since the non-select bit lines
remain at the GND level, not changed, a select bit line 1s not
subject to a voltage reduction resulting from the action of
coupling capacitance between the select bit line and the
non-select bit lines. That 1s, i1t 1s possible to prevent mis-
reading of a stored value from the select bit line.

In addition, because the non-select bit lines are held at the
GND level, 1t 1s possible to reduce current consumption 1n
the non-select bit lines.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present mvention will be more clearly under-
stood from the following detailed description taken 1n con-

junction with the accompanying drawings, in which:
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FIG. 1 1s a circuit diagram schematically showing the
configuration of a conventional semiconductor memory
device;:

FIGS. 2A to 2D are views illustrating the operation of the
conventional semiconductor memory device;

FIG. 3 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a first embodiment of the
present mvention;

FIGS. 4A to 4C are views 1illustrating the operation of the
semiconductor memory device according to the first
embodiment;

FIG. 5 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a second embodiment of the
present mvention;

FIGS. 6 A to 6D are views illustrating the operation of the
semiconductor memory device according to the second
embodiment;

FIG. 7 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a third embodiment of the
present mvention;

FIG. 8 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a fourth embodiment of the
present mvention;

FIG. 9 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a fifth embodiment of the
present mvention;

FIGS. 10A to 10C are views 1llustrating the operation of
the semiconductor memory device according to the {fifth
embodiment;

FIG. 11 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a sixth embodiment of the
present mvention;

FIG. 12 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a seventh embodiment of the
present ivention;

FIG. 13 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to an eighth embodiment of the
present mvention;

FIG. 14 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a ninth embodiment of the
present invention; and

FIG. 15 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a tenth embodiment of the
present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings, wherein like
reference numerals refer to like elements throughout and the
structures and arrangements of respective constituent ele-
ments are shown so schematically that those skilled 1n the art
can understand the present invention. The embodiments are
described below to explain the present invention by referring
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to the figures. These embodiments are nothing but preferred
examples, and the present invention 1s not limited thereto.

Configuration of First Embodiment and Basic
Operations of Respective Parts Thereof

FIG. 3 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a first embodiment of the
present 1nvention.

The mask ROM comprises a memory cell array 100, m
word lines WL1 to WLm, n bit lines BL.1 to BLLn, one data
line DL, n selector circuits 10-1 to 10-7, n precharge circuits
30-1 to 30-», and n pull-down circuits 50-1 to 50-». Here, m
and n are natural numbers which are greater than or equal to
2.

The memory cell array 100 includes mxn memory cell
transistors 111 to Tmn arranged in matrix form. In the
present embodiment, nMOS transistors (also referred to
heremafter as “nMOSs”) are used as the memory cell
transistors 111 to Tmn.

In a manufacturing process, values to be stored are written
in the memory cell transistors T11 to Tmn according to
whether first main electrodes, or sources, of the memory cell
transistors 111 to Tmn are connected to a first voltage line
which 1s at a ground voltage level (also referred to herein-
alter as a “GND level”), namely, according to whether
connections are made between the sources and the first
voltage line.

When the sources of the memory cell transistors T11 to
Tmn are connected to the first voltage line of the GND level,
namely, when they are grounded, read voltages of the
memory cell transistors T11 to Tmn assume a low level.
Alternatively, when the sources of the memory cell transis-
tors T11 to Tmn are not connected to the first voltage line,
namely, when they are mn a floating state (denoted by a
character F in this figure), the read voltages of the memory
cell transistors T11 to Tmn assume a high level. Here, it 1s
assumed that the memory cell transistors 112, T1n, 121,
Tml and Tmn are set to a low-level read mode and the
memory cell transistors T11, 122, 127 and Tm2 are set to a
high-level read mode.

The m word lines WL1 to WLm are installed in the rows
of the memory cell array 100, respectively. The word lines
WL1 to WLm are connected to control electrodes, or gates,
of the memory cell transistors T11 to Tmn of the corre-
sponding rows, respectively. The n bit lines BL1 to BLn are
installed 1n the columns of the memory cell array 100,
respectively. The bit lines BLL1 to BLn are connected to
second main electrodes, or drains, of the memory cell
transistors T11 to Tmn of the corresponding columns,
respectively.

Each of the selector circuits 10-1 to 10-» 1s disposed
between a corresponding one of the bit lines BLL1 to BLn and
the data line DL. Inputted to each of the selector circuits
10-1 to 10-» 1s a corresponding one of select signals S1-1 to
S1-» that can selectively have, namely, assume two voltage
levels, a select level and a non-select level. When the select
signals S1-1 to S1-» assume the select level, the selector
circuits 10-1 to 10-# electrically connect the bit lines BLL1 to
BLn with the data line DL, respectively. On the contrary,
when the select signals S1-1 to S1-» assume the non-select
level, the selector circuits 10-1 to 10-# electrically 1solate the
bit lines BL1 to BLn from the data line DL, respectively. The
bit lines BLL1 to BLn become select bit lines when they are
clectrically connected with the data line DL, and non-select
bit lines when they are electrically 1solated from the data line
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DL. In the present embodiment, nMOSs 22-1 to 22-n are
used as the n selector circuits 10-1 to 10-7. The nMOSs 22-1
to 22-» have drains connected respectively to the bit lines
BL1 to BLn and sources connected in common to the data
line DL. The select signals S1-1 to S1-z are mputted to the
gates ol the nMOSs 22-1 to 22-n, respectively. Here, 1t 1s
assumed that the select level of the select signals S1-1 to
S1-n 1s a high level (H), for example, the same level as that
of a drive voltage VDD of the transistors, and the non-select
level thereot 1s a low level (L), for example, the GND level.

When any one, for example, the select signal S1-2, of the
select signals S1-1 to S1-z mputted to the selector circuits
10-1 to 10-2 1s high 1n level and the remaining select signals
S1-1 and S1-3 to S1-z are low 1n level, the voltage level of
the data line DL becomes the same as that of the bit line
BL2. At this time, the data line DL can output the voltage of
the bit line BL2. As a result, when one select signal assumes
the select level and the other select signals assume the
non-select level, the data line DL selectively outputs the

voltage of one bit line selected from among the n bit lines
BL1 to BlLn.

In the following description, it 1s assumed that the selector
circuits 10-1 to 10-» are turned on when the nMOSs 22-1 to
22-n thereof are turned on, and off when the nMOSs 22-1 to

22-n are turned off.

The precharge circuits 30-1 to 30-z are connected respec-
tively to the bit lines BLL1 to BLn 1n a one-to-one relation-
ship. The precharge circuits 30-1 to 30-» are also connected
in common to a first mput signal line 71 over which a first
input signal (denoted by an arrow S2 1n this figure) is
transierred. The first input signal S2 has any one of two
voltage levels, a first active level and a first mactive level.
The precharge circuits 30-1 to 30-z can precharge the bit
lines BLL1 to BLn connected respectively thereto (namely,
precharge the bit lines BL1 to BLn to a predetermined
voltage level).

The pull-down circuits 50-1 to 50- are connected respec-
tively to the bit lines BLL1 to BLn 1n a one-to-one relation-
ship. The pull-down circuits 50-1 to 50-» are also connected
in common to a second input signal line 73 over which a
second 1input signal (denoted by an arrow S3 1n this figure)
1s transierred. The second input signal S3 has any one of two
voltage levels, a second active level and a second 1nactive
level. The pull-down circuits 50-1 to 50-7 can pull down the

bit lines BL1 to BLn connected respectively thereto (namely,
pull the bit lines BLL1 to BLn down to the GND level).

The first input signal S2 1s also mputted 1n common to all
the precharge circuits 30-1 to 30-z. The second nput signal
S3 1s also mputted commonly to all the pull-down circuits
50-1 to 50-n. The corresponding select signals S1-1 to S1-#
are mputted 1n common to the selector circuits 10-1 to 10-7,
precharge circuits 30-1 to 30-» and pull-down circuits 50-1
to 50-» connected to the same bit lines BLL1 to BLn.

The precharge circuits 30-1 to 30-z include pMOSs 42-1
to 42-n, AND circuits 44-1 to 44-r, and inverting circuits
46-1 to 46-n, respectively. Here, 1t 1s assumed that the first
active level of the first input signal S2 1s a high level (H), for
example, the same level as that of VDD, and the first inactive
level thereot 1s a low level (L), for example, the GND level.

The select signals S1-1 to S1-» are mputted respectively
to the AND circuits 44-1 to 44-n, and the first mnput signal
S2 1s mputted 1n common to the AND circuits 44-1 to 44-n.
Output signals from the AND circuits 44-1 to 44-n are
inputted to the gates of the pMOSs 42-1 to 42-r through the
inverting circuits 46-1 to 46-n, respectively. The sources of
the pMOSs 42-1 to 42-r are connected 1 common to a
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second voltage line which 1s at the VDD level and the drains
thereol are connected respectively to the bit lines BL1 to
BLn.

When each of the select signals S1-1 to S1-z assumes the
select level and the first mput signal S2 assumes the first
active level, namely, when each of the select signals S1-1 to
S1-7 and the first input signal S2 are both high 1n level, each
of the AND circuits 44-1 to 44-r outputs a high-level signal.
The high-level signals outputted from the AND circuits 44-1
to 44-n are inverted into low-level signals by the mverting
circuits 46-1 to 46-» and then applied to the gates of the
pMOSs 42-1 to 42-r to turn on the pMOSs 42-1 to 42-x,
respectively. As the pMOSs 42-1 to 42-r are turned on,
charges are supplied from the second voltage line to the bit
lines BLL1 to BLn. As a result, when the bit lines BLL1 to BLLn
are 1n the floating state, the voltage levels thereol become
the predetermined voltage level, namely, the VDD level
which 1s the same as that of the second voltage line.

On the other hand, when each of the select signals S1-1
to S1-7 assumes the non-select level or the first input signal
S2 assumes the first mactive level, namely, when any one or

both of each of the select signals S1-1 to S1-7 and the first
cach of the AND circuits

input signal S2 are low 1n level,
44-1 to 44-n outputs a low-level signal, thereby causing the

pMOSs 42-1 to 42-n to be turned ofl.

In the following description, 1t 1s assumed that the pre-
charge circuits 30-1 to 30-» are turned on when the pMOSs
42-1 to 42-n thereol are turned on, and off when the pMOSs
42-1 to 42-n are turned ofl.

The pull-down circuits 50-1 to 50-7 include nMOSs 62-1
to 62-r, and AND circuits 64-1 to 64-n, respectively. Here,
it 1s assumed that the second active level of the second 1nput
signal S3 1s a high level (H), for example, the same level as

that of VDD, and the second 1nactive level thereof 1s a low
level (L), for example, the GND level.

The select signals S1-1 to S1-» are mputted respectively
to the AND circuits 64-1 to 64-», and the second input signal
S3 1s mputted 1n common to the AND circuits 64-1 to 64-.
Output signals from the AND circuits 64-1 to 64-r are
inputted to the gates of the nMOSs 62-1 to 62-n, respec-
tively. The sources of the nMOSs 62-1 to 62-» are grounded

and the drains thereof are connected respectively to the bit
lines BLL1 to BLn.

When each of the select signals S1-1 to S1-»z assumes the
select level and the second input signal S3 assumes the
second active level, namely, when each of the select signals
S1-1 to S1-z and the second 1mnput signal S3 are both high 1n
level, each of the AND circuits 64-1 to 64-n outputs a
high-level signal. The high-level signals outputted from the
AND circuits 64-1 to 64-n are applied to the gates of the
nMOSs 62-1 to 62-» to turn on the nMOSs 62-1 to 62-x,
respectively. As the nMOSs 62-1 to 62-» are turned on, the
bit lines BLL1 to BLn are grounded, so that the voltage levels

thereot become the GND level.

On the other hand, when each of the select signals S1-1
to s1-» assumes the non-select level or the second input
signal S3 assumes the second inactive level, namely, when
any one or both of each of the select signals S1-1 to S1-z and
the second input signal S3 are low 1n level, each of the AND
circuits 64-1 to 64-n outputs a low-level signal, thereby
causing the nMOSs 62-1 to 62-r to be turned ofl.

In the following description, it 1s assumed that the pull-
down circuits 50-1 to 50-n are turned on when the nMOSs
62-1 to 62-n thereof are turned on, and oftf when the nMOSs
62-1 to 62-n are turned oft.
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Operation of First

Embodiment

The operation of the semiconductor memory device
according to the first embodiment will hereinafter be
described with reference to FIG. 3 and FIGS. 4A, 4B and
4C. FIGS. 4A, 4B and 4C are views illustrating the operation
of the mask ROM, which 1s the semiconductor memory
device according to the first embodiment. In FIGS. 4A, 4B
and 4C, the abscissa axis represents time and the ordinate
axis represents bit line voltage level.

FIG. 4A illustrates an example of the operation of the
mask ROM 1n the case of reading the memory cell transistor
T11. In this operation example, it 1s assumed that the source
of the memory cell transistor T11 1s 1n the floating state,
namely, the memory cell transistor T11 1s set to the high-
level read mode.

In the 1mitial state of every read cycle, all the bit lines BLL1
to BLn are set to the GND level. In order to set all the bit
lines BLL1 to BLn to the GND level, for example, the second
input signal S3 must be set to the second active level and all
the select signals S1-1 to S1-2 must be set to the select level.
Also, all the word lines WL1 to WLm must be set to the
GND level.

At a time t1, the select signal S1-1 1s set to the select level
and the other select signals S1-2 to S1-n are set to the
non-select level. As a result, the bit line BLL1 and the data
line DL are electrically connected with each other.

At a time t2, the first input signal S2 1s set to the first
active level. As a result, the precharge circuit 30-1 connected
to the bit line BLL1 1s turned on, thereby causing the voltage
level of the bit line BL1 to become the VDD level. In

contrast, the precharge circuits 30-2 to 30-z connected to the
bit lines BL2 to BLn other than the bit line BLL1 remain ofl

because the select signals S1-2 to S1-» are at the non-select
level.

At a time t3 after the voltage level of the bit line BL1
becomes the VDD level, the first input signal S2 1s changed
from the first active level to the first 1nactive level. As a
result, the precharge circuit 30-1 1s turned off. Similarly, at
the time t3, the word line WL1 15 set to the VDD level, so
as to turn on the memory cell transistor T11. At this time, the
memory cell transistors T12 to T1z whose gates are con-
nected to the same word line WL1 are turned on, too. On the
other hand, the memory cell transistors 121 to Tmn, the
gates ol which are connected to the word hnes WL2 to WLm
other than the word line WL1, remain off.

Because the source of the memory cell transistor T11 1s in
the tloating state, the bit line BLL1 connected to the drain of
the memory cell transistor T11 1s 1n the floating state, too,
although the memory cell transistor T11 1s turned on. As a
result, the bit line BL1 1s held at the VDD level. Conse-
quently, the voltage of the bit line BL1 1s in the high-level
read mode and 1s read via the data line DL electrically
connected with the bit line BL1.

At a time t4 after the lapse of a read period of the bit line
BL1, the second nput signal S3 is set to the second active
level. As a result, the pull-down circuit 50-1 connected to the
bit line BL1 1s turned on because the select signal S1-1 1s at
the select level, thereby causing the voltage of the bit line
BL1 to fall to the GND level. In contrast, the pull-down
circuits 50-2 to 50-» connected to the bit lines BL2 to BLn
other than the bit line BLL1 remain off because the select
signals S1-2 to S1-z are at the non-select level.

At a time t3 after the voltage level of the bit line BL1
becomes the GND level, the select signal S1-1 1s changed
from the select level to the non-select level and the operation
of the mask ROM thus enters the 1nitial state of the next read
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cycle. The voltage level of the word line WL1 also becomes
the GND level, thereby causing the memory cell transistors
T11 to T1» whose gates are connected to the word line WL1
to be turned ofl. The second 1nput signal S3 may be changed
from the second active level to the second 1nactive level at
any time until the time 2 at which the associated precharge
circuit 1s turned on, namely, the first input signal S2 1s set to
the first active level, 1n the next read cycle. In the present
embodiment, the second mput signal S3 1s changed from the

second active level to the second 1nactive level at the time
t2.

FIG. 4B illustrates an example of the operation of the
mask ROM 1n the case of reading the memory cell transistor
121. In this operation example, 1t 1s assumed that the source
of the memory cell transistor T21 1s 1n the grounded state,
namely, the memory cell transistor T21 1s set to the low-level
read mode. It 1s assumed that, 1n the mitial state of every read

cycle, all the bit lines BLL1 to BLn are at the GND level and
all the word lines WL1 to WLm are at the GND level, too.

At the time t1, 1t 1s assumed that the select signal S1-1 1s
at the select level and the other select signals S1-2 to S1-#
are at the non-select level. As a result, the bit line BL.1 and
the data line DL are electrically connected with each other.

At the time 12, the first input signal S2 1s set to the first
active level. As a result, the precharge circuit 30-1 connected
to the bit line BLL1 1s turned on, thereby causing the voltage
level of the bit line BL1 to become the VDD level. On the
other hand, the precharge circuits 30-2 to 30-7 connected to
the bit lines BL2 to BLn other than the bit line BLL1 remain
ofl because the select signals S1-2 to S1-z are at the
non-select level.

At the time t3 after the voltage level of the bit line BLL1
becomes the VDD level, the first input signal S2 1s changed
from the first active level to the first inactive level, thus
turning ofl the precharge circuit 30-1. Similarly, at the time
t3, the word line WL2 1s set to the VDD level, so as to turn
on the memory cell transistor T21. At this time, the memory
cell transistors 122 to T2z whose gates are connected to the
same word line WL.2 are turned on, too. On the other hand,
the pull-down circuits 50-2 to 50-z connected to the bit lines
BL2 to BLn other than the bit line BLL1 remain off because
the select signals S1-2 to S1-» are at the non-select level.

Because the source of the memory cell transistor T21 1s 1n
the grounded state, the voltage of the bit line BL1 falls from
the VDD level 11 the memory cell transistor T21 1s turned on.
Consequently, the voltage of the bit line BL1 1s in the
low-level read mode and i1s read wvia the data line DL
clectrically connected with the bit line BL1.

At the time t4 after the lapse of a read period of the bit line
BL1, the second input signal S3 1s set to the second active
level. As a result, the pull-down circuit 50-1 connected to the
bit line BL1 1s turned on, thereby causing the voltage level
of the bit line BL1 to become the GND level. In contrast, the
pull-down circuits 50-2 to 50-» connected to the bit lines
BL2 to BLn other than the bit line BLL1 remain off because
the select signals S1-2 to S1-» are at the non-select level.

At the time t5 after the voltage level of the bit line BLL1
becomes the GND level, the select signal S1-1 1s changed
from the select level to the non-select level and the operation
of the mask ROM thus enters the mitial state of the next read
cycle. The voltage level of the word line WL2 also becomes
the GND level, thereby causing the memory cell transistors

121 to T2» whose gates are connected to the word line WL2

to be turned oft.

FIG. 4C 1llustrates the voltage levels of the non-select bit
lines when the memory cell transistor T11 1s read in the
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above-described read cycle. Here, a description will be
grven of the bit line BL2 as an example.

In the 1mitial state, the bit line BL.2 1s at the GND level.

At the time t1, when the bit line BLL1 1s selected, the select
signal S1-2 1s at the non-select level because the bit line BL.2
1S not selected.

At the time t2, although the first input signal S2 1s set to
the first active level, the precharge circuit 30-2 remains ol

because the select signal S1-2 1s at the non-select level. As
a result, the bit line BL2 is held at the GND level.

At the time t3, because the bit line BLL.2 1s at the GND
level, 1t remains at the GND level, not changed, although the
word line WL1 1s set to the VDD level so as to turn on the
memory cell transistor T12 set to the low-level read mode.
Provided that the memory cell transistor 112 1s set to the
high-level read mode, the bit line BL.2 will stmilarly remain

at the GND level, not changed.

At the time t4, although the second input signal S3 1s set
to the second active level, the pull-down circuit 50-2
remains oil because the select signal S1-2 1s at the non-select
level. However, the bit line BL2 1s already at the GND level
at the time that the second 1nput signal S3 1s set to the second
active level. Consequently, the bit line BL2 1s held at the

GND level.

As stated above, the semiconductor memory device
according to the first embodiment comprises the pull-down
circuits to set a selected bit line to the VDD level, read the
voltage of the bit line from the data line, and then set the bit
line to the GND level by means of the associated pull-down
circuit. For this reason, bit lines, not selected, can be held at
the GND level. Since the non-select bit lines remain at the
GND level, not changed, the select bit line 1s not subject to
a voltage reduction resulting from the action of coupling
capacitance between the select bit line and the non-select bit
lines. That 1s, it 1s possible to prevent misreading of a stored

value of a memory cell transistor connected to the select bit
line.

In addition, because the non-select bit lines are held at the
GND level, it 1s possible to reduce current consumption 1n
the non-select bit lines.

Configuration of Second Embodiment and Basic
Operations of Respective Parts Thereof

FIG. 5 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a second embodiment of the
present invention. The circuit configuration of the second
embodiment 1s the same as that of the first embodiment
described above with reference to FIG. 3, with the exception
ol the configuration of pull-down circuits 52-1 to 52-», and
a duplicate description thereof will thus be omaitted.

The pull-down circuits 52-1 to 52-» include nMOSs 62-1
to 62-n, OR circuits 66-1 to 66-7, and 1inverting circuits 68-1
to 68-n, respectively.

The select signals S1-1 to sl-z» are mverted by the
inverting circuits 68-1 to 68-r, respectively, and the result-
ing inverted select signals S1a-1 to S1a-» are iputted to the
OR circuits 66-1 to 66-n, respectively. The second input
signal S3 1s also inputted 1n common to the OR circuits 66-1
to 66-r. Output signals from the OR circuits 66-1 to 66-» are
inputted to the gates of the nMOSs 62-1 to 62-n, respec-
tively. The sources of the nMOSs 62-1 to 62-» are connected
in common to the first voltage line, which 1s at the GND
level, and the drains thereof are connected respectively to

the bit lines BI1.1 to BlLn.
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When each of the select signals S1-1 to S1-z assumes the
non-select level or the second input signal S3 assumes the
second active level, namely, when any one or both of each
of the inverted select signals Sla-1 to S1a-» and the second
input signal S3 are high 1n level, each of the OR circuits 66-1
to 66-n outputs a high-level signal. The high-level signals
outputted from the OR circuits 66-1 to 66-» are applied to

the gates of the nMOSs 62-1 to 62-» to turn on the nMOSs
62-1 to 62-n, respectively. As the nMOSs 62-1 to 62-r are
turned on, the voltage levels of the bit lines BLL1 to BLn
become the GND level.

On the other hand, when each of the select signals S1-1
to S1-» assumes the select level and the second 1nput signal
S3 assumes the second inactive level, namely, when each of
the mverted select signals Sla-1 to Sla-z and the second
iput signal S3 are both low 1n level, each of the OR circuits
66-1 to 66-» outputs a low-level signal, thereby causing the

nMOSs 62-1 to 62-r to be turned off.

In the following description, it 1s assumed that the pull-
down circuits 52-1 to 52-n are turned on when the nMOSs
62-1 to 62-n thereof are turned on, and off when the nMOSs
62-1 to 62-n are turned off.

Operation of Second Embodiment

The operation of the semiconductor memory device
according to the second embodiment will hereinafter be
described with reference to FIGS. 6 A, 6B, 6C and 6D. FIGS.
6A, 6B, 6C and 6D are views 1llustrating the operation of the
mask ROM, which 1s the semiconductor memory device
according to the second embodiment. In FIGS. 6A, 6B, 6C
and 6D, the abscissa axis represents time and the ordinate
ax1s represents control signal voltage level. Here, a descrip-
tion will be given of the operation of the mask ROM 1n the
case of reading the memory cell transistor T11. FIG. 6A
shows the voltage level of the select signal S1-1 for the
select bit line BL1. FIG. 6B shows the voltage levels of the
select signals S1-2 to s1-» for the non-select bit lines BL2 to
BLn. FIG. 6C shows the voltage level of the first input signal
S2. FIG. 6D shows the voltage level of the second input
signal S3.

The voltage level of the select signal S1-1 for the select
bit line BLL1 becomes the select level at the time t1 and the
non-select level at the time t5 (see FIG. 6A). The select
signals S1-2 to S1-# for the non-select bit lines BL2 to BLn
are always at the non-select level (see FIG. 6B).

The voltage level of the first input signal S2 becomes the
first active level at the time t2 and the first inactive level at
the time t3. As a result, the precharge circuit 30-1 connected
to the select bit line BL1 1s operated for a period from the
time t2 to time t3 (see FIG. 6C).

The voltage level of the second 1nput signal S3 becomes
the second active level at the time t4, and the second 1nactive
level m a period from the time tS to the time 12 of the next
read cycle. In the present embodiment, the voltage level of
the second 1nput signal S3 1s described to become the second
mactive level at the time 12 (see FIG. 6D).

In this embodiment, the pull-down circuits 52-1 to 52-x
are turned on when the select signals S1-1 to S1-z assume
the non-select level or the second 1nput signal S3 assumes
the second active level. Hence, because the select signals
S1-2 to S1-» are at the non-select level, the pull-down
circuits 52-2 to 52-n connected to the non-select bit lines
BL2 to BLn are always on, so the non-select bit lines BL2
to BLn are held at the GND level. Also, because the second

input signal S3 1s at the second active level at the time t4, the
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pull-down circuit 52-1 connected to the select bit line BLL1
remains on for the period from the time t4 to time t5.

Consequently, the voltages of the respective bit lines BLL1
to BLn are subject to the same variations as those in the first
embodiment described above with reference to FIGS. 4Ato 5
4C.

According to the configuration of the second embodi-
ment, since non-select bit lines are always 1n the grounded
state, the voltages thereof are not easy to vary, resulting 1n
a reduction 1n the possibility thereof to have an effect on 10
reading of a select bit line.

Configuration of Third Embodiment and Basic
Operations of Respective Parts Thereof
15

FIG. 7 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a third embodiment of the
present invention. The circuit configuration of the third
embodiment 1s the same as that of the first embodiment »g
described above with reference to FIG. 3, with the exception
ol the configuration of pull-down circuits 54-1 to 54-», and
a duplicate description thereof will thus be omitted.

The pull-down circuits 54-1 to 34-» include nMOSs 62-1
to 62-n, respectively. The second 1nput signal S3 1s mputted ;5
in common to the gates of the nMOSs 62-1 to 62-n of the
pull-down circuits 54-1 to 54-n. The sources of the nMOSs
62-1 to 62-n are grounded and the drains thereof are con-
nected respectively to the bit lines BLL1 to BLn.

When the second imput signal S3 assumes the second 3¢
active level, or high level, the nMOSs 62-1 to 62-n are
turned on. As the nMOSs 62-1 to 62-z are turned on, the
voltage levels of the bit lines BLL1 to BLn become the GND
level.

On the other hand, when the second mput signal S3 35
assumes the second mactive level, or low level, the nMOSs
62-1 to 62-n are turned ofl.

Operation of Third Embodiment

40
The precharge operation 1s performed in the same manner

as that of the first embodiment. In the pull-down operation,
the pull-down circuits 54-1 to 54-» connected to any of
non-select bit lines and a select bit line are operated 1n the
same manner, because the select signals S1-1 to S1-z are not 45
mputted thereto That 1s, the pull-down circuits 54-1 to 54-»
remain ofl for a period from the time 12 to time t4, and on
for a period from the time t4 to the time t2 of the next read
cycle.

Consequently, the voltages of respective select bit lines 50
are subject to the same variations as those in the first
embodiment described above with reference to FIGS. 4A to
4C. Moreover, because non-select bit lines are at the GND
level 1 both the on and off states of the pull-down circuits,
the Voltages thereol are subject to the same variations as 55
those 1n the first embodiment described above with reference

to FIGS. 4A to 4C.

According to the configuration of the third embodiment,
cach pull-down circuit can be implemented by one nMOS,
resulting in a reduction 1 area of the semiconductor 60
memory device.

Configuration of Fourth Embodiment and Basic
Operations of Respective Parts Thereof
63
FIG. 8 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor

14

memory device according to a fourth embodiment of the
present invention. The circuit configuration of the fourth
embodiment 1s the same as that of the first embodiment
described above with reference to FIG. 3, with the exception
that a pull-down circuit 56 1s connected, not to each of the
bit lines BLL1 to BLn, but directly to the data line DL, and
a duplicate description thereof will thus be omaitted.

The pull-down circuit 56 includes an nMOS 63.

A second mput signal S3a 1s inputted to the gate of the
nMOS 63 of the pull-down circuit 56. The source of the
nMOS 63 is grounded and the drain thereof 1s connected to
the data line DL.

When the second input signal S3a assumes the second
active level, or high level, the nMOS 63 1s turned on. As the
nMOS 63 1s turned on, the data line DL 1s grounded and the
voltage levels of the bit lines BL1 to BLn electrically
connected with the data line DL become the GND level, too.
On the other hand, when the second iput signal S3a
assumes the second 1nactive level, or low level, the nMOS
63 1s turned ofl.

Operation of Fourth Embodiment

The precharge operation 1s performed 1n the same manner
as that of the first embodiment. In the pull-down operation,
the pull-down circuit 56 1s operated 1n response to the
second mput signal S3a, because no select signal 1s mnputted
thereto. That 1s, the pull-down circuit 56 remains off for the
period from the time t2 to time t4, and on for the period from
the time t4 to the time t2 of the next read cycle.

The voltage levels of the bit lines BLL1 to BLn, connected
with the data line DL owing to the turning-on of the selector
circuits 10-1 to 10-n, become the GND level when the
pull-down circuit 56 1s turned on. That 1s, 1n the case where
any one of the bit lines BLL1 to BLn 1s selected, for the period
from the time t4 to time tS, the data line DL 1s grounded, so
that the selected bit line and the data line DL are electrically
connected with each other.

Consequently, the voltages of the respective bit lines BL1
to BLn are subject to the same vanations as those 1n the first
embodiment described above with reference to FIGS. 4A to
4C.

The configuration of the fourth embodiment provides a
greater area reduction effect than that of the third embodi-

ment 1n that only one pull-down circuit 1s connected to the
data line DL.

Configuration of Fifth Embodiment and Basic
Operations of Respective Parts Thereof

FIG. 9 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a fifth embodiment of the
present invention. The circuit configuration of the fifth
embodiment 1s the same as that of the first embodiment
described above with reference to FIG. 3, with the exception
of the configuration of precharge circuits 32-1 to 32-», and
a duplicate description thereof will thus be omitted.

The precharge circuits 32-1 to 32-z include pMOSs 42-1
to 42-n, first AND circuits 45-1 to 45-r, second AND circuits
48-1 to 48-n, first inverting circuits 47-1 to 47-n, and second
inverting circuits 49-1 to 49-n, respectively.

The select signals S1-1 to S1-z are mputted respectively
to the first AND circuits 45-1 to 45-n, and the first input
signal S2 1s inputted 1n common to the first AND circuits
45-1 to 45-n. Output signals from the first AND circuits 45-1
to 45-n are inputted to the second AND circuits 48-1 to 48-7,
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respectively. The voltages of the bit lines BLL1 to BLn are
also iputted to the second AND circuits 48-1 to 48-» via the

second inverting circuits 49-1 to 49-n, respectively. Output

signals from the second AND circuits 48-1 to 48-n are
inputted to the gates of the pMOSs 42-1 to 42-» through the

first inverting circuits 47-1 to 47-n, respectively. The sources
of the pMOSs 42-1 to 42-»r are connected 1n common to the
second voltage line which 1s at the VDD level and the drains
thereol are connected respectively to the bit lines BL1 to
BLn. If the threshold voltages of the second inverting
circuits 49-1 to 49-n are set to VDDY/2, the second inverting

circuits 49-1 to 49-n output high-level signals when the
voltages of the bit lines BLL1 to BLn are lower than VDD/2,
and low-level signals when the voltages of the bit lines BLL1

to BLn are higher than or equal to VDD)/2.

A description will hereinafter be given on the assumption
that the bit lines BLL1 to BLn are at the GND level.

When each of the select signals S1-1 to S1-z assumes the
select level and the first mput signal S2 assumes the first
active level, namely, when each of the select signals S1-1 to
S1-» and the first mnput signal S2 are both high 1n level, each
of the first AND circuits 45-1 to 45-r outputs a high-level
signal. The high-level signals outputted from the first AND
circuits 45-1 to 45-r are inputted to the second AND circuits
48-1 to 48-n, respectively.

At this time, because the bit lines BLL1 to BLn are at the
GND level which 1s lower than VDDY/2, the second inverting
circuits 49-1 to 49-n output high-level signals, which are
then inputted to the second AND circuits 48-1 to 48-z,
respectively. Each of the second AND circuits 48-1 to 48-%
outputs a high-level signal, too, because both of the two
signals 1mnputted thereto are high in level. These high-level
signals from the second AND circuits 48-1 to 48-n are
inverted into low-level signals by the first inverting circuits
4'7-1 to 47-n and then applied to the gates of the pMOSs 42-1
to 42-n to turn on the pMOSs 42-1 to 42-n, respectively.

As the pMOSs 42-1 to 42-r are turned on, charges are
supplied from the second voltage line to the bit lines BL1 to
BLn. When the bit lines BL1 to BLn are 1n the tloating state,
the voltages thereol rise due to through-currents of the
pMOSs 42-1 to 42-n. 11 the voltages of the bit lines BL1 to
BLn become higher than or equal to the threshold voltages,
VDD)/2, of the second inverting circuits 49-1 to 49-n as a
result of the rising, the outputs of the second inverting
circuits 49-1 to 49-n become low 1n level. The output of each
of the second AND circuits 48-1 to 48-» becomes low 1n

level, since one of the inputs to each of the second AND
circuits 48-1 to 48-r 1s low 1n level. As a result, the pMOSs

42-1 to 42-» are turned ofl, so as to stop the supply of
currents to the bit lines BLL1 to BLn. In this manner, 1n the
precharge operation, the voltages of the bit lines BLL1 to BLn

do not rise to VDD and are stopped at VDD/2.

As described above, in these precharge circuits 32-1 to
32-n, the threshold voltages of the second 1nverting circuits
49-1 to 49-n are preset to a low voltage level lower than
VDD, thereby enabling the bit lines BLL1 to BLn to be set to

the low voltage level.

Operation of Fifth Embodiment

The operation of the semiconductor memory device
according to the fifth embodiment will hereinafter be
described with reference to FIGS. 10A to 10C. FIGS. 10A to
10C are views illustrating the operation of the mask ROM,
which 1s the semiconductor memory device according to the
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fifth embodiment. In FIGS. 10A to 10C, the abscissa axis
represents time and the ordinate axis represents bit line
voltage level.

FIG. 10A shows the voltage level of a select bit line when
a stored value of a memory cell transistor set to the high-
level read mode 1s read. FIG. 10B shows the voltage level of
a select bit line when a stored value of a memory cell
transistor set to the low-level read mode 1s read. FIG. 10C
shows the voltage level of a non-select bit line.

The operation of the fifth embodiment 1s the same as that
of the first embodiment described above with reference to
FIGS. 4A to 4C, with the exception that the bit line voltage
level does not exceed the low voltage level, VDD/2, and a
detailed description thereof will thus be omitted.

The precharge circuits of the fifth embodiment can reduce
current consumption by precharging the bit lines to VDD/2
or less.

Further, the precharge circuits of the fifth embodiment are
applicable to the second to fourth embodiments, as well as
to the first embodiment. By applying the precharge circuits
of the fifth embodiment to the second to fourth embodi-
ments, 1t 1s possible to not only obtain the inherent effects of
the respective embodiments, but also reduce current con-
sumption by precharging the bit lines to VDD/2 or less.

Configuration of Sixth Embodiment and Basic
Operations of Respective Parts Thereof

FIG. 11 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a sixth embodiment of the
present invention. The circuit configuration of the sixth
embodiment 1s the same as that of the first embodiment
described above with reference to FIG. 3, with the exception
that a precharge circuit 34 1s connected, not to each of the bit
lines BLL1 to BLn, but directly to the data line DL, and a
duplicate description thereof will thus be omatted.

The precharge circuit 34 includes a pMOS 41 and an
inverting circuit 43.

A first input signal S2a 1s inputted to the gate of the pMOS
41 of the precharge circuit 34. The source of the pMOS 41
1s connected to the second voltage line and the drain thereof
1s connected to the data line DL.

When the first input signal S2a assumes the first active
level, or high level, the output of the mverting circuit 43
becomes low 1n level to turn on the pMOS 41. As the pMOS
41 1s turned on, the data line DL 1s electrically connected
with the second voltage line, so that the voltage thereof
becomes VDD. On the other hand, when the first input signal
S2a assumes the first mnactive level, or low level, the pMOS
41 1s turned off.

Operation of Sixth Embodiment

The pull-down operation 1s performed 1n the same manner
as that of the first embodiment.

In the precharge operation, because the select signals S1-1
to S1-7 are not inputted, the precharge circuit 34 remains on
for a period from the time {2 to time t3, and ofl for a period
from the time t3 to the time {2 of the next read cycle.

At the time that the precharge circuit 34 1s turned on, the
selector circuits 10-1 to 10-z are turned on, thereby causing
the voltages of the bit lines BLL1 to BLn connected with the
data line DL to become VDD.

Consequently, the voltages of the respective bit lines BL1
to BLn are subject to the same vanations as those 1n the first
embodiment described above with reference to FIGS. 4A to

4C.
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In the sixth embodiment, only one precharge circuit 34 1s
connected to the data line DL. Therefore, the area of the
semiconductor memory device 1s reduced as compared with
that 1n the first embodiment.

Seventh Embodiment

FIG. 12 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a seventh embodiment of the
present invention. The circuit configuration of the seventh
embodiment 1s the same as that of the sixth embodiment
described above with reference to FIG. 11, with the excep-
tion of the configuration of pull-down circuits 52-1 to 52-x,
and a duplicate description thereof will thus be omitted.

The pull-down circuits 52-1 to 52-» include nMOSs 62-1
to 62-n, OR circuits 66-1 to 66-x, and inverting circuits 68-1
to 68-n, respectively. The configuration and basic operation
of the pull-down circuits 52-1 to 52-» are the same as those
in the second embodiment described above with reference to
FIG. 5, and a description thereof will thus be omitted.

According to the configuration of the seventh embodi-
ment, the area of the semiconductor memory device 1s
reduced as compared with that i the first embodiment in
that only one precharge circuit 34 i1s connected to the data
line DL. Furthermore, because the non-select bit lines BL.2
to BLn are always in the grounded state, the voltages thereof
are not easy to vary, resulting in a reduction in the possibility

thereol to have an effect on the reading of the select bit line
BL1.

Eighth Embodiment

FIG. 13 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to an eighth embodiment of the
present invention. The circuit configuration of the eighth
embodiment 1s the same as that of the sixth embodiment
described above with reference to FIG. 11, with the excep-
tion of the configuration of pull-down circuits 54-1 to 54-r,
and a duplicate description thereof will thus be omitted.

The configuration and basic operation of the pull-down
circuits 54-1 to 34-n are the same as those in the third
embodiment described above with reterence to FIG. 7, and
a description thereof will thus be omitted.

According to the configuration of the eighth embodiment,
only one precharge circuit 34 1s connected to the data line
DL and each pull-down circuit can be implemented by one
nMOS, thereby providing an excellent area reduction eflect.

Ninth Embodiment

FIG. 14 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a ninth embodiment of the
present mvention. The circuit configuration of the ninth
embodiment 1s the same as that of the sixth embodiment
described above with reference to FIG. 11, with the excep-
tion that a pull-down circuit 56 1s connected, not to each of
the bit lines BLL1 to BLn, but directly to the data line DL, and
a duplicate description thereof will thus be omitted.

The configuration of the pull-down circuit 56 1s the same
as that in the fourth embodiment described above with
reference to FIG. 8, and a detailed description thereot will
thus be omatted.

The configuration of the ninth embodiment provides a
greater area reduction eflect than that of the fourth embodi-
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ment or eighth embodiment 1n that only one pull-down
circuit and only one precharge circuit are connected to the

data line DL.

Tenth Embodiment

FIG. 15 1s a circuit diagram schematically showing the
configuration of a mask ROM, which 1s a semiconductor
memory device according to a tenth embodiment of the
present invention. The circuit configuration of the tenth
embodiment 1s the same as that of the ninth embodiment
described above with reference to FIG. 14, with the excep-
tion of the configuration of a precharge circuit 36, and a
duplicate description thereof will thus be omatted.

The precharge circuit 36 includes a pMOS 41, an AND
circuit 38, a first inverting circuit 37, and a second inverting
circuit 39.

The first input signal S2qa 1s mputted to the AND circuit
38. The voltage of the data line DL 1s also mputted to the
AND circuit 38. An output signal from the AND circuit 38
1s mputted to the gate of the pMOS 41 through the first
inverting circuit 37. The source of the pMOS 41 1s connected
to the second voltage line which 1s at the VDD level and the
drain thereof 1s connected to the data line DL. If the
threshold voltage of the second inverting circuit 39 is set to
VDD)/2, the second mverting circuit 39 outputs a high-level
signal when the voltage of the data line DL 1s lower than
VDD)/2, and a low-level signal when the voltage of the data
line DL 1s higher than or equal to VDD/2.

A description will hereinafter be given on the assumption
that the data line DL 1s at the GND level.

The first mput signal S2a 1s set to the first active level.
Also, the data line DL 1s at the GND level which 1s lower
than VDD/2. As a result, the second inverting circuit 39
outputs a high-level signal, which 1s then iputted to the
AND circuit 38. The AND circuit 38 outputs a high-level
signal, too, because both of the two signals inputted thereto
are high 1n level. This high-level signal from the AND circuit
38 1s mverted 1nto a low-level signal by the first inverting
circuit 37 and then applied to the gate of the pMOS 41 to
turn on the pMOS 41.

As the pMOS 41 i1s turned on, charges are supplied from
the second voltage line to the data line DL. When the data
line DL 1s in the floating state, the voltage thereol rises
owing to the operation of the precharge circuit 36. If the
voltage of the data line DL becomes higher than or equal to
VDD)/2 as a result of the rising, the output of the second
inverting circuit 39 becomes low 1n level, thereby causing
the output of the AND circuit 38 to become low 1n level. As
a result, the pMOS 41 1s turned ofl, so as to stop the supply
of current to the data line DL. In this manner, in the
precharge operation, the voltage of the data line DL does not

rise to VDD and 1s stopped at VDD/2.

As described above, in this precharge circuit 36, the
threshold voltage of the second inverting circuit 39 1s preset
to a low voltage level lower than VDD, thereby enabling the
data line DL to be set to the low voltage level.

At the time that the precharge circuit 36 1s turned on, the
selector circuits 10-1 to 10-z are turned on, so that the
voltages of the bit lines BLL1 to BLn connected with the data
line DL become VDD/2.

Consequently, the voltages of the respective bit lines BL1
to BLn are subject to the same variations as those 1n the fifth
embodiment described above with reference to FIGS. 10A to

10C.
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The precharge circuit of the tenth embodiment can reduce
current consumption by precharging the data line DL to
VDD/2 or less.

Further, the precharge circuit 36 of the tenth embodiment
1s applicable to the sixth to eighth embodiments, as well as 5
to the minth embodiment. By applying the precharge circuit
36 of the tenth embodiment to the sixth to eighth embodi-
ments, 1t 1s possible to not only obtain the inherent effects of
the respective embodiments, but also reduce current con-
sumption by precharging the data line to VDD/2 or less. 10

In the above respective embodiments, the select level of
the select signals has been disclosed to be a high level and
the non-select level thereof has been disclosed to be a low
level. Also, the active level of each of the first and second
input signals has been disclosed to be a high level and the 15
iactive level thereof has been disclosed to be a low level.

Which one of the select level and non-select level of the
select signals 1s a high level may be determined according to
a circuit design. For example, it 1s possible to set the select
level to a low level and the non-select level to a high level 20
by changing the conduction type of the nMOS used 1n each
of the selector circuits 10-1 to 10-z to a pMOS or 1nputting
cach select signal to the gate of the nMOS through an
inverting circuit. Furthermore, the configurations of the
selector circuits, precharge circuits and pull-down circuits 25
are not limited to those of the above-described embodi-
ments. Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled i the art will appreciate that various modifi-
cations, additions and substitutions are possible, without 30
departing from the scope and spinit of the invention as
disclosed 1n the accompanying claims.

This application 1s based on Japanese Patent Application
No. 2005-029628 which 1s hereby incorporated by refer-
ence. 35

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a memory cell array including a plurality of memory cell
transistors arranged 1n matrix form, each of the 4,
memory cell transistors having a first main electrode, a
second main electrode and a control electrode, each of
the memory cell transistors being written with a stored
value depending on whether a connection 1s made
between the first main electrode thereot and a first 45
voltage line;

a plurality of word lines connected to the control elec-
trodes of the memory cell transistors of corresponding
rows ol the memory cell array, respectively;

a plurality of bit lines connected to the second main s
clectrodes of the memory cell transistors of correspond-
ing columns of the memory cell array, respectively;

a data line for selectively outputting voltages of the bit
lines;

a plurality of selector circuits, each of the selector circuits 55
being nstalled between a corresponding one of the bit
lines and the data line, each of the selector circuits
clectrically connecting the corresponding bit line with
the data line when a select signal nputted thereto
assumes a select level, and electrically 1solating the 60
corresponding bit line from the data line when the
inputted select signal assumes a non-select level;

at least one precharge circuit connected to a first input
signal line, the first input signal line transferring a
common first mput signal having any one of a first 65
active level and a first mactive level, the precharge
circuit precharging the bit lines to a predetermined

20

voltage level, the predetermined voltage level being
different from a voltage level of the first voltage line;
and

at least one pull-down circuit connected to a second 1nput
signal line, the second mput signal line transferring a
common second input signal having any one of a
second active level and a second inactive level, the

pull-down circuit pulling the bit lines down to the
voltage level of the first voltage line.

2. The semiconductor memory device as set forth in claim
1. wherein:

the precharge circuit and the pull-down circuit are con-
nected to each of the bit lines and are adapted to
commonly receive the select signal inputted to one of
the selector circuits connected to the same bit line:

the precharge circuit 1s turned on, when the first input
signal assumes the first active level and the select signal
assumes the select level, to precharge the same bit line
to the predetermined voltage level, the predetermined
voltage level being the same as a voltage level of a
second voltage line; and

the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level and the select
signal assumes the select level, to pull the same bit line
down to the voltage level of the first voltage line.

3. The semiconductor memory device as set forth 1n claim
1, wherein:

the precharge circuit and the pull-down circuit are con-
nected to each of the bit lines and are adapted to
commonly receive the select signal inputted to one of
the selector circuits connected to the same bit line:

the precharge circuit 1s turned on, when the first mput
signal assumes the first active level and the select signal
assumes the select level, to precharge the same bit line
to the predetermined voltage level, the predetermined
voltage level being the same as a voltage level of a
second voltage line; and

the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level or the select
signal assumes the non-select level, to pull the same bit
line down to the voltage level of the first voltage line.

4. The semiconductor memory device as set forth in claim
1. wherein:

the precharge circuit and the pull-down circuit are con-
nected to each of the bit lines and the precharge circuit
1s adapted to recerve the select signal inputted to one of
the selector circuits connected to the same bit line:

the precharge circuit 1s turned on, when the first mput
signal assumes the first active level and the select)
signal assumes the select level, to precharge the same
bit line to the predetermined voltage level, the prede-
termined voltage level being the same as a voltage level
of a second voltage line; and

the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level, to pull the same
bit line down to the voltage level of the first voltage
line.

5. The semiconductor memory device as set forth 1n claim
1, wherein:

the precharge circuit 1s connected to each of the bit lines
and 1s adapted to receive the select signal inputted to
one of the selector circuits connected to the same bit
line:

the pull-down circuit 1s connected to the data line;
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the precharge circuit 1s turned on, when the first input
signal assumes the first active level and the select signal
assumes the select level, to precharge the same bit line
to the predetermined voltage level, the predetermined
voltage level being the same as a voltage level of a
second voltage line; and
the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level, to pull down the
data line and the same bit line electrically connected
with the data line to the voltage level of the first voltage
line.
6. The semiconductor memory device as set forth 1n claim
2, wherein the precharge circuit 1s turned on, only when the
voltage of the same bit line 1s lower than the predetermined
voltage level under the condition that the first input signal
assumes the first active level and the select signal assumes
the select level, to precharge the same bit line to the
predetermined voltage level, the predetermined voltage level
being lower than the voltage level of the second voltage line.
7. The semiconductor memory device as set forth 1n claim
3, wherein the precharge circuit 1s turned on, only when the
voltage of the same bit line 1s lower than the predetermined
voltage level under the condition that the first input signal
assumes the first active level and the select signal assumes
the select level, to precharge the same bit line to the
predetermined voltage level, the predetermined voltage level
being lower than the voltage level of the second voltage line.
8. The semiconductor memory device as set forth 1n claim
4, wherein the precharge circuit 1s turned on, only when the
voltage of the same bit line 1s lower than the predetermined
voltage level under the condition that the first input signal
assumes the first active level and the select signal assumes
the select level, to precharge the same bit line to the
predetermined voltage level, the predetermined voltage level
being lower than the voltage level of the second voltage line.
9. The semiconductor memory device as set forth 1n claim
5, wherein the precharge circuit 1s turned on, only when the
voltage of the same bit line 1s lower than the predetermined
voltage level under the condition that the first input signal
assumes the first active level and the select signal assumes
the select level, to precharge the same bit line to the
predetermined voltage level, the predetermined voltage level
being lower than the voltage level of the second voltage line.
10. The semiconductor memory device as set forth in
claim 1, wherein:
the precharge circuit 1s connected to the data line;
the pull-down circuit 1s connected to each of the bit lines
and 1s adapted to receive the select signal inputted to
one of the selector circuits connected to the same bit
line:
the precharge circuit 1s turned on, when the first 1nput
signal assumes the first active level, to precharge the
data line and the same bit line electrically connected
with the data line to the predetermined voltage level,
the predetermined voltage level being the same as a
voltage level of a second voltage line; and
the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level and the select
signal assumes the select level, to pull the same bit line
down to the voltage level of the first voltage line.
11. The semiconductor memory device as set forth 1n
claim 1, wherein:
the precharge circuit 1s connected to the data line;
the pull-down circuit 1s connected to each of the bit lines
and 1s adapted to recerve the select signal inputted to
one of the selector circuits connected to the same bit
line:
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the precharge circuit 1s turned on, when the first input
signal assumes the first active level, to precharge the
data line and the same bit line electrically connected
with the data line to the predetermined voltage level,
the predetermined voltage level being the same as a
voltage level of a second voltage line; and

the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level or the select

signal assumes the non-select level, to pull the same bit
line down to the voltage level of the first voltage line.

12. The semiconductor memory device as set forth in
claim 1, wherein:

the precharge circuit 1s connected to the data line;
the pull-down circuit 1s connected to each of the bit lines;

the precharge circuit 1s turned on, when the first mput
signal assumes the first active level, to precharge the
data line and the same bit line electrically connected
with the data line to the predetermined voltage level,
the predetermined voltage level being the same as a
voltage level of a second voltage line; and

the pull-down circuit 1s turned on, when the second 1mnput
signal assumes the second active level, to pull the same
bit line down to the voltage level of the first voltage
line.

13. The semiconductor memory device as set forth in
claim 1, wherein:

the precharge circuit and the pull-down circuit are con-
nected to the data line;:

the precharge circuit 1s turned on, when the first input
signal assumes the first active level, to precharge the
data line and the same bit line electrically connected
with the data line to the predetermined voltage level,
the predetermined voltage level being the same as a
voltage level of a second voltage line; and

the pull-down circuit 1s turned on, when the second 1nput
signal assumes the second active level, to pull down the
data line and the same bit line electrically connected
with the data line to the voltage level of the first voltage
line.

14. The semiconductor memory device as set forth in
claim 10, wherein the precharge circuit 1s turned on, only
when the voltage of the data line 1s lower than the prede-
termined voltage level under the condition that the first input
signal assumes the first active level, to precharge the data
line and the same bit line electrically connected with the data
line to the predetermined voltage level, the predetermined
voltage level being lower than the voltage level of the
second voltage line.

15. The semiconductor memory device as set forth in
claim 11, wherein the precharge circuit 1s turned on, only
when the voltage of the data line 1s lower than the prede-
termined voltage level under the condition that the first input
signal assumes the first active level, to precharge the data
line and the same bit line electrically connected with the data
line to the predetermined voltage level, the predetermined
voltage level being lower than the voltage level of the
second voltage line.

16. The semiconductor memory device as set forth in
claim 12, wherein the precharge circuit 1s turned on, only
when the voltage of the data line 1s lower than the prede-
termined voltage level under the condition that the first input
signal assumes the first active level, to precharge the data
line and the same bit line electrically connected with the data
line to the predetermined voltage level, the predetermined
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voltage level being lower than the voltage level of the
second voltage line.

17. The semiconductor memory device as set forth 1n
claim 13, wherein the precharge circuit 1s turned on, only
when the voltage of the data line 1s lower than the prede-
termined voltage level under the condition that the first input
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signal assumes the first active level, to precharge the data
line and the same bit line electrically connected with the data
line to the predetermined voltage level, the predetermined
voltage level being lower than the voltage level of the
second voltage line.
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